We discuss semileptonic B decays of the form B → J/Ψ eν X as possible probes for intrinsic charm. We calculate the leading order perturbative contribution to the process B − → J/Ψ e − ν e and find a branching ratio of 6.8 × 10 −10 . We estimate the intrinsic charm contribution and find that it could be larger, although its precise value cannot be calculated. Because the kinematically allowed upper limit for these processes is of order 10 −7 , and because these channels have a very clean experimental signature, we suggest that they should be studied at the B factories and at hadron colliders.
Introduction
Interesting possibilities open up if we observe that the wavefunctions of bound states contain Fock states of arbitrarily high particle number. For example the proton wavefunction might be decomposed as |p = Ψ 
The higher Fock components arise as quantum fluctuations suppressed by M 2 , where M is the mass of the fluctuation. The cc Fock component of hadrons is referred to as intrinsic charm (IC) [1] .
The possibility of detecting signatures for IC in B-meson physics has been recently discussed in Ref. [2] . The authors propose IC as the explanation for a "slow" (low momentum) bump in the inclusive B → J/Ψ X spectrum and the softness of the J/Ψ spectrum in Υ → J/Ψ X decays, contrary to expectations from the color octet mechanism. IC appearing in higher Fock components of the B-meson wavefunction can manifest itself in two possible ways. It can operate virtually, in a mediation role, and affect decay processes by providing additional channels for the weak interactions. In this way one may enhance some CKM suppressed B decays, as it has been recently discussed in Ref. [3] . Another instance of this mediation is given by the hypothesis that the IC component of B mesons is able to explain the "ρπ puzzle" [4] . IC can also manifest itself in processes in which the cc content of the B meson produces charmed hadrons in the final state, as discussed in Ref. [5] to account for charm production in deep inelastic scattering.
If we consider purely hadronic decays of the B meson with just one cc pair in the final state we realize, looking for example at Fig. 1 , that J/Ψ X channels can be easily obtained at tree level via V cb , without recurring to IC. Therefore IC effects, if present, would compete with a formidable background and would be very hard to identify. The same is true if we are looking for modes with two D mesons in the final state. In the case when there are three charm (anti)quark particles in the final state (analyzed in Ref. [2] ) it is possible to pare down the multiplicity of channels, looking for decays of the type B → J/ΨD ( * ) or B → J/ΨD ( * ) X. We will return to the former process in our discussion in the final section.
In the latter case the phase space available closes rapidly, suppressing the rates of most processes to unobservable levels.
In this paper we discuss semileptonic modes because they present an extremely clean experimental signature. The simplest mode with cc in the final state is B − → J/Ψ e − ν e .
Hadron machines like CDF at Fermilab should be able to identify the three outgoing charged leptons easily. We estimate the size of the perturbative and IC contributions in the following sections.
The perturbative calculation
In this section we compute the leading contribution to the process B − → J/Ψ e − ν e from two lowest order Feynman diagrams in We adopt the nonrelativistic QCD (NRQCD) factorization formalism [6] to separate J/ψ formation from production of a cc pair, and express the decay rate in the form
where n runs over color and angular momentum states of the cc pair and the constants O J/Ψ n are called NRQCD matrix elements. All the nonperturbative information on the J/Ψ formation from the cc pair is absorbed into the matrix elements. According to the NRQCD formalism for heavy quarkonium production, the color of the gluon in Fig. 2 is neutralized by nonperturbative soft gluons in the production process, which are not explicitly shown.
For example, there can be soft gluons linking the two blobs in Fig. 2 . For the lowest order diagrams in Fig. 2 only a spin-1 and color-octet cc state is able to produce a J/Ψ, and the
Because of the heavy J/Ψ mass the partonic part of the decay amplitude for B − →
[cc] 8 e − ν e in Fig. 2 takes place at a short distance ∼ 1/m Ψ . More precisely, the gluon is off-shell by the J/Ψ mass, and the denominator of the t-or u-channel fermion propagator is at least 5 GeV 2 . Therefore, the partonic part of the decay in Fig. 2 can be factorized from the hadronic matrix element of B → bū and calculated perturbatively.
In order to factorize the partonic hard part from the hadronic matrix element of B → bū, we can formally write the decay amplitude of B → g * W in Fig. 2 as:
where T B and H represent the matrix element of B → bū and partonic part of bū → g * W , respectively, and the partonic momentum pū = p B − p b . M By decoupling the spinor trace between the matrix element and partonic part, and boosting p B to an infinite momentum frame, the decay amplitudes in Eq. (4) can be approximated as
where the partonic part H is given by the lowest order bū → g * W diagrams with b andū contracted by 1 4 γ 5 γ σ , and the matrix element is defined as
with
, 0 ⊥ using the language of the boost-invariant light-cone wavefunction.
Because of the heavy quark mass, the typical virtuality of b andū in the B meson should be much smaller than the large momentum scale in H, and therefore we can approximate the parton momenta p b and pū in H αµ iσ to be
Such an approximation corresponds to dropping off power corrections suppressed by the hard momentum scale of the partonic part. By fixing x in H αµ iσ we decouple the x integration in
Substituting Eq. (8) into Eq. (5) we obtain a factorized expression for the decay amplitude
We can further modify the B decay constant f B (q 2 = 0) = 0.2 GeV with a form factor
to take into account its dependence on q 2 (q = q 1 + q 2 = q e + q ν ). This produces the hadronic part of the decay amplitude,
and for the crossed diagram:
In an analogous way, the leptonic part, after taking the modulus squared, yields:
The hadronic cc part must contain the projector onto the J/Ψ( 3 S 1 ) state, plus a color factor which will be taken into account below (see Eq. (16) [7] ):
The projector is defined as [7] 
The total contribution from the cc line is then
The trace of all the color factors in the graphs for color octet states gives the overall factor [7] 1
where T A , A = 1...8, are the generators of the color group.
As shown in Eq. (3), the squared amplitude for the process B − → J/Ψ e − ν e must include the NRQCD matrix element O J/Ψ 8 ( 3 S 1 ) defined in [7, 8, 9] , which represents the probability for an almost point-like cc pair in a color-octet 3 S 1 state to bind and form a J/Ψ.
The matrix element is nonperturbative and has to be extracted from experimental data, and its numerical value is [7, 8] :
Putting all this together, the squared amplitude is
including the color factor defined in Eq. (16). Our boson masses are [10] m B = 5.279 GeV , m Ψ = 3.09687 GeV ,
and we use the constituent masses
together with |V ub | = 0.003485 [11] , α S (2m c ) = 0.266 [12] , τ B − = 1.653 × 10 −12 sec [10] . (21) We obtain the following result for the branching ratio:
The differential branching ratio is plotted in Fig. 3 . To gain some insight into the origin of this result we can approximate the branching ratio assuming a constant |M| 2 , obtained from estimates of its components discussed above and dimensional analysis. Since
and the kinematically allowed area in the phase-space plane [q
we can write
3 The intrinsic charm contribution
The mechanism by which IC in the B − meson leads to the decay B − → J/Ψ e − ν e is different. As shown in Fig. 4 , the two charm quarks are now part of the initial wavefunction. pair that becomes a J/Ψ, while an off-shell b quark undergoes the weak decay. Following
Ref. [3] , the IC effects in B mesons may be four times larger than in the proton, where it is estimated that they can occur at the 1% level [5] . To obtain our final state we need a 
where we have modified the decay constant and mass of B − * with the form factor 1/(1 − q 2 /m 2 B * ), and we have included the estimate of Ref. [3] for the relative size of IC, R, given
We take f B * (q 2 = 0) = f B (q 2 = 0) = 0.2 GeV [13] , and m B * = 5.325 GeV [10] . Finally, we obtain the following branching ratio for the IC component:
We plot the differential branching ratio in Fig. 5 . Comparing it with Fig. 3 one notices that the shape of the two distributions is different. This will be useful to separate the perturbative from the IC effect once the experimental sensitivity is sufficient. Figure 5 : The differential branching ratio for the intrinsic charm contribution to B − → J/Ψe − ν e is plotted vs.
The above estimate can also be visualized in terms of an effective vertex as in Fig. 6 . An alternative estimate for the contribution of IC is obtained by considering the three-body spectator process b → J/Ψ e − ν e X u,c depicted in Fig. 7 . In this picture we start with a B wavefunction containing a nearly on-shell (intrinsic) cc pair which directly produces the J/Ψ. We treat this pair as a spectator. The wavefunction also contains an off-shell b quark with an effective mass m * b which decays semileptonically:
where |V bu | = 0.003458, |V bc | = 0.041. The factor 0.04 is again the estimate of Ref. [3] for the maximum probability of the fluctuation, and 
Discussion
It is useful to contrast our calculation with that of Ref. [2] . If we accept the current estimates for the branching ratios of B Ref. [3] the probability of such a fluctuation may be as large as 4%. This leads to the following estimate for the branching ratio: A comparison between our results and the ones in Ref. [2] may proceed at the level of free-quark estimates in a spectator model. We obtain for BR IC (b → J/Ψ e − ν e X q ) the figures given in Eq. (30), to be compared with the above mentioned result 10 −5 − 10 −4 .
In conclusion we have identified a decay channel of the B meson that has a very clean experimental signature and that could reveal the presence of IC in the B meson wavefunction.
The study of this channel would complement the one suggested in Ref. [2] .
